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How to get Structure of
Macromolecules

« RTG * NMR
— Xyz coordinates — torsion angles and distances
— inner electron shells — dynamical information
— crystalization, atomic available
resolution, — MD model
— interpretation of intermolecular
interactions e MS

— distances
— molecular weights
— solvent accesibility

 EM
— electron shell
— low resolution

— large complexes * and others...

— FRET - distances




X-ray crystallography
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Why X-Ray?

Elmag radiation interacts with objects of similar size
with their wavelength (A)

- visible light: A = 350-700 nm and this is limit of
optical microscopy

- RTG: CuKa: A= 1,54 A,
Synchrotron: A\=0,5A-25A.

atom-atom distances: C-C=154A,
C=C=123A
1 A (Angstrom) = 0.1 nm C-N=145A

1A=101m N-(H)....0=2,8 A i



Why Crystals?

« X-ray diffraction on electrons (Bragg's law)
* One molecule=> small signal

* To Increase signal-to-noise ration ->
multiplication of signal =>
crystals of molecules in identical orientation

crystal
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Energy AG

Crystallisation

Energetical diagram of crystallisation Experiment — hanging drop

protein
solution

glass plate S A /

Specific

=2 / seal
\ aggregates I o )
Non-specific
Protein aggregates \
in solution @ N
precipitant
Time B
Airlie J McCoy, Protein Crystallography course 7

http://www-structmed.cimr.cam.ac.uk/Course/Crystals/intro.html



Crystal lattice

Crystal have translation symetry from definition.

— 1If p(r) — electron density in crystal point r => translational vectors
a,b,c:

p(r)=p(r+u-a+v-b+w-c)
u, v, w are integers.
Each identical copy — basic cell.
a, b, ¢ — unit cell vectors.
length of unit cell vectorsis a =|al, b = |b|, c = |c|.
a, B, y — angles between

unit cell vectors
Right-hand coordination system




Symmetry Operatlons

Ss
translation & /4;;:;7 @ [7 o vglQ
(unit cell repetition) e,  wrourcsonsis  contoror mersion  rota improper rotatin

Cidentity C) . ; "
| - inversion /7 /E @ﬁ«;

(p O I nt Sym m etry (S 2) mirror plane mirror plane mirror plane ' mirror: plane

C,M — rotational symmetry
(rotation over axis 360°/n m-times)

o — mirror planes (S,)

S,™ — combination of rotation 360°/n m-times
followed with reflection over mirror plane

All of above combined with translation .



Assymetric unit and unit cell

assymetric unit

unit cell

@199 GARLAND PUBLISHING INC
A member of the Taylor & Fruncs Groap

Assymetric unit = smallest unit from which we can obtain unit cell with
operations of symmetry

Unit cell = smallest unit which can be translated to whole crystal 10



Typical Point Groups of Symmetry

of Protein Crystals




Crystal Contacts

\ .

* Protein crystals contain a
lot of solvent

* Molecular contacts within
crystal do not have usually
(well not always) effect on
protein structure

@199 GARLAND PUBLISHING INC
A meencber of the Taylor & Frimeis Grouy

Packing of glycolate
oxidase (schematically) 12



Diffraction Principle

Bragg's law

n.A= 2d.sin@

(W. H. Bragg & W. L. Bragg,
1912)

==

Diffracted radiation - sets of planes13
parallel planes get boost in signal



X-ray Diffraction
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Nature 171 (1953)
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14

4-Circle Gomoimeter { Eulerian or Kappa Geometry)



Calculation of Electron Density Map

Goal: use and of thousands
of diffractions F,, to calculate electron density

map p(X,y,Z) p(X,y,2) =1/v {
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p(X,y,Z)=1IVZZZ e -2mi(hx+ky+lz-¢ ) 15
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Phase Problem

.+ Amplitudes and phases Fyy

_++ are encoded in diffracted

. ray beams

* Amplitude |F, | Is square
root of intensity of diffracted
beam.

« @, is phase of diffracted
! /] wave. It cannot be directly
o measured — Phase problem.

16



Phase Problem Explained with Cats

&

Diffraction
data with
phase
Information

>
Real

diffraction
data
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FT

easy

FT

>

>

hard

Reconstruction of Object

&
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John C. Kendrew

Fi, ;=

Phase Problem

Max Perutz

FZ’ CDZ
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How to Solve Phase Problem

« Direct methods
— Zalozeny na systematickych souvislostech mezi urCitymi reflexemi.
— Nutné mit data s vysokym rozliSenim a relativné maly systém.
— Velmi popularni pfi reSeni struktur malych molekul.
 Molecular replacement
— Kdyz existuje vyresena struktura podobna té kterou chceme resit,potom
j muzeme pouzit k odhadu fazi.
— Je stale vice popularni s tim jak roste poCet vyfesenych struktur.
« Methods using Heavy atoms

— Do krystalu vneseme tézky atom, ktery silné rozptyluje (napf¥. Hg, Fe,
Pb, I,Se ..). Nebo nahradime vSechny Met v proteinu Se-Met.

— Pouzijeme viceCetné isomorfni nahrazeni (Multiple Isomorphous
Replacement).MIR

— Pouzijeme viceCetnou nebo jednoduchou anomaini difrakci (Multiple
nebo Single Anomolous Diffraction). MAD

there is an app for that... SOLVE, SHELL-X, Phaser...
20



First Electron Density Map

 Phase and Amplitudes => Fourrier transformation => electron
density map

 Fitting of model
— Ca atoms using poly-Ala.
— Identification of secondary structural elements
— use of sequential information

- Programs: CNS, O, COOT, ARPWARP



Resolution (R)
e inA,

 Distance for distinguishing of two points. Detalils
should be distinguishable at 0.7-R.

* better R — easier model building!

0.95 A map of elastase22
2.3 A map of photosynthetic reaction centre



Low Resolution

* Mapy s nizkym rozlisenim ukazuji pouze obecné
vlastnosti jako je napr. tvar molekuly a umisteni
elementu sekundarni struktury.

br"‘*‘ \\\4

v,\'

R=7A, tropomyosin.



Klasické rozliSeni proteinu

* bé&zné rozlieni u proteinovych struktur pod 2.5 A

 Pfi tomto rozliSeni je snadné sledovat prubeh
hlavniho retézce a fada postranich retézcu ma
také dobre definovanou hustotu. U proteinu je limit
pro publikaci struktury rozlideni 3.0 A.
N— ST ECVE NS T

R=26A

24




Vysoke rozliseni

« Mapa elektronové SF=s
hustoty s velmi NP
Vysokym
rozliSenim jasne
ukazuje pozice
jednotlivych
atomu.

R=12A
H-vazby (fialova) mezi N a O atomy.



Validace

¢ Rfree (Bringer, 1992)

— test set (~5-10%) of reflekci
vynechano z urcovani

struktury
180
e Stereochemie o
Ramachandranuv diagram
— WHATIF .
— MOLPROBITY

« Bad contacts

— sterickeé problemy ve
strukture

-ps

-180

The Ramachandran Plot.

Left
handed
alpha-helix.

=

Right handed
alpha-helix.

-~

+ phi 180

180 -phi 0 _
http:/fwwwe.cryst.bb k.ac.ukfFPSZIcuursefsectluny@ma.html



kontrola kvality

Model quality is assessed with Knowledge-Based (KB) and Model-
vs-Data (MvD) metrics

— KB metrics compare structural features with the database of protein
structures

— MvD metrics compare models against experimental data

Assessment requires annotation of well-defined regions the protein
structure model

Stereochemicka — PROCHECK 3.522 i

— 1. Ramachandran plot

=

Ramachandran plots by residue tvpe
Chil-Chi2 plots
Main-chain parameters
Side-chain parameters
Residue properties
Main-chain bond length distributions
Main-chain bond angle distributions
— 9. RMS distances from planarity

10. Distorted geometry plots

Rfree cross-validace - 5-10 % dat vynechano.

I
Q0 [N O |G [ [ [P |



https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_01.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_02.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_03.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_04.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_05.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_06.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_07.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_08.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_09.html
https://www.ebi.ac.uk/thornton-srv/software/PROCHECK/manual/examples/plot_10.html
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http://dx.doi.org/10.1093/nar/gku426
http://dx.doi.org/10.1093/nar/gku426
http://dx.doi.org/10.1093/nar/gku426

And now something
completely
different...
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aneb

Nuklearni magneticka
rezonance



Nuklearni magneticka rezonance
NMR

 NMR spektroskopie vyuziva magnetickych vlastnosti
jader atomu.

- Absorpéni(emisni) spektroskopie, podobné jako IC nebo
UV. Detekuje absorbci radiofrekvencniho zareni jadry
atomu v molekule.

« Radiofrekvenéni energie (AE pfechodu jaderného spinu):
dovolené spinové stavy

A=1011az 3 x 107 nm

v =106 az 1010 Hz AE =hv =ho

Nastavenim frekvence elektromagnetického zareni (v, nebo w) na
rezonancni podminku dojde k indukci pfechodu mezi hladinami
jaderného spinu

(tzn. muzeme méfit NMR spektrum!). 31



NMR

« Externi magneticke pole => energeticky
rozdil mezi spinovymi stavy jadernych
magnetickych momentu (m)

¥ *’ ¥ ‘* T E'
H tH B,>0 AE=hv
S L, B B .

E,:,=D I ol

* Rozdil v populaci stavu je dan rozdilem

energii (
9 N, I Ny = ¢ AE/ KT ]

e

« napf. AE=3.8x10- kcal/mol pro tH pfi 400 MHz (B,=9.5T)
Na/NB= 1.000064

* Rozdily populaci velmi male

32



Pravidla pro urCeni spinu izotopu

Nukleon.c.(A)

liché
sudée
sudée

Proton.c.(Z) I

sudé nebo liché 1/2, 3/2, 5/2 ano

sude
liché

0
1,2,3

Mozny pocet spinovych stavu = 2| + 1:

Jadro
14
14N

Spin.kvant.C.
| =1/2
1=1

Podet stavu
2(1/2) +1=2
2(1)+1=3

Detekce

ne

ano
Mag.spin.cC.
m=x1/2
m=-1,0,1

33



NMR-aktivni jadra v proteinech

* Prirozena: PII II{ ﬁ
H, spin e N (e
31 1 |

P, spin 72 - fiﬁ _n
Y HaZ"\yH

* Obohacena diky
bakterialni expresi: H H
’H, spin 1 O
13C, spin 7% PO;

15N, spin %

34



Orientace mag.spinu

Bez externiho
magnetickeho pole

— nahodné orientace

— degenerace
X 7 |
G ¥ V o
* \
\ X
\ o>
\ &

« S magnetickym polem

— Makroskopicka
magnetizace (M,)

Net magnetic
B moment
A

‘k A Thermal
o ] ¥ (  equilibrium

35



Vliv magnetickeho pole

Energie p v poli B,
E=-uB,

pro jednu hladinu:
E.=-m-B,-yh

Projekce je kvantovana, takze E zavisi na:
1) typ jadra (y)

2) spinovy stav (m)

3) sila magnetu (B,)

36



Rezonance
rezonancni podminka: AE = hv = hw = B yh

m= —

AE = hw,

Energy —#»

Wo = BoY

37



Excitace a podelna relaxace
(M, -> rovnovaha)

Net magnetic
mmmmmm

B A

e narust




Chemicky posun

« RuUzna jadra maji ruzné rezonancni frekvence

« Magnetickeé pole, ve kterem se jadro nachazi neni rovno
vnejsimu magnetickemu poli.
— Elektrony v okoli jadra (chemické okoli) stini vnéjsi pole —
vysledné efektivni magnetické pole B je tvoreno vnéjSim polem
B, a polem lokalnim B,,..
B+ = By — B, = By(1-0), kde o je konstanta magnetickeho
stineni

Ho-cH,-CH,
VySSi ‘ nizsi
pOIe LI 1T 17 T T T T T T 11 | p0|e
< >

: 39
frekvence o, velikost stinéni o



NMR — reseni struktury
makromolekul
* Pozorujeme protony
(*H)
— (! x-ray difrakce, kde
elektronova hustota

atomu s vy3Sim poctem
elektronu (C, N, O)!)

* Protein je v roztoku.

40




NMR proteinu

- Prirazeni pozorovanych 'H
rezonanci individualnim
aminokyselinam.

* Protonove rezonance jsou Casto
rozliseny na zaklade rozdilu v
chemickém posunu.

* Merime intra-aminokyselinové a
Inter-AK proton-protonove
vzdalenosti prostrednictvim
dipolarnich sprahnuti.

* Merime torzni uhly
prostrednictvim J- sprahnuti.

e Ziskané vzdalenosti a torzni
uhly pouzijeme k urcCeni

sekundarni a terciarni struktury.
41




NMR interakce

lH mezi sebou, ale také se znacenymi 13C a °N

42




Prenos magnetizace

* Mezi 1H, 13C a >N muze dojit k

K
pfenosu magnetizace, coz mizeme TTI )] s |
losu magn C S USRS
pouzit k uréeni konektivity. TP 1 | W H
Lttt g 1] s
H ¢ TI ITT ! )\ ::|
H-¢ M tl,,li lfilhﬁﬁfi P
NG~ g ety
o H S0 IH %T‘%‘Ill TIT
1”%{" 11 i Mr
. . AR YRR
Chemické posuny “T"l ]I l e Tt
. J-sprahnuti (skrze vazby) It 1TI "T I"1T1
* Dipolarni sprahnuti (skrze prostor) TT U I




Obecny 2D experiment

2 2
ﬁ " Detekce
é&% A o Dipoldrni
. . J sprdhnuti sprahnuti
T Ta
1
FT *H chemicky posun IH chemicky posun
13¢C chemicky .
£ posun H f:hemlcky
1 posun
IH chemicky posun IH chemicky posun

44



COSY (Correlated Spectroscopy)

1-dimensiondIni spektrum
je ve smeru diagondly

/

Cross piky pochdzeji
z korelace skrze chemické .
vazby I e, p .
T . 71 IH
— | = |
- . Chemical
Shift
1 COSY Crosspeaks - 3J Couplings
MH
'H R IH% x..
o |
. . u \-C _N -
IH Chemical Shift /'}&/ ’C .

Cross piky jsou uzitecné pro urceni spinovych systéma
jednotlivych aminokyselin
45



NOESY (Nuclear Overhauser
Enhancement Spectroscopy)

Cross piky vznikdji
diky kerelaci
skrze prostor

-

Cross piky v COSY
spektru se nachazeji i
v NOESY spektru

T
Chemical
Shift

NOESY Crosspiky <5 A Skrze prostor

Intenzita cross-piku odpovida inter-jaderné vzdalenosti



Strategie pro urcovani struktur biomolekul

NMR vzorek
- == —

I NMR experimenty l

Piifazeni experimentalnich NMR
parametri (NOE...)

Obecné informace o —
molekule {pnmémi — I Odhad prIIEIIIErIE ST.I'LII{LUF_*,I’ I ——
struktura, kovalentni
vazby...) l
I Zhodnoceni kvality struktur I
Oprava piirazeni NMR
parametri, signall

!

I Vypotet souboru struktur

l—l—l

Vypocet statistickych Udajd pro soubor Porovnani s databazemi I Vypolet NOESY spekter | 47

konegnych struktur (Procheck, Whatif__ )




Urceni struktury pomoci NMR

* Prirazeni sekvence (urceni
vedlejSich fetézcu)
— COSY
— NOESY
— 3D-NMR experimenty

« Sekundarni struktura

— chemicke posuny (backbone) k"o Chemicky
— dipolarni sprfahnuti => prostor posen
— J-sprahnuti => torzni uhly ! & ooy

« Terciarni struktura (do modelu)

— NOE intenzity (neodpovidajici
COSY pro vedlejSi retezce) 48

'H Chemicky posun



Ziskane parametry z NMR

Raw

— Time-domain: 1D,2D,3D,4D
spektrum

Processed (FT)

— frekvency domain

NMR parametry

— peak list

— chemical shifts

— 1H-1H NOE

— J-couplings

— residual dipolar couplings

— NMR relaxation rates

Derived data

— NMR peak assignments

— % expected in observed data

— covalent structure

— bond hybridizations

Derived data

secondary structure
interatomic distances
torsion angles

hydrogen bonds

order parameters

solvent exposure

3D structure

binding constant

pH titration parameters
hydrogen exchange rates

termodynamics and kinetics of
structural rearangements

disordered regions

49



Kvalita struktury NMR

* Vysledkem NMR experimentu

= Zisk cele sady struktur, ktere
splnuji podminky
« Kvalita:

— Stereochemie — Ramachandran

— Ekvivalent R, — vynecha se
cast dat pri urCovani struktury a
pak se to pres ne kontroluje
neni standardizovano!

50



Cryo-EM



Elektronovy mikroskop — EM

Bl ™M -
- M Mrg;xcvg:jlrg;/etickéM m 2
S — M M M X]
< 0B T\
A\
191 | =] ==+

<>
rozliSeni | R =0.61A/nsin a

— zelené svétlo A=400nm => R=150 nm
— elektrony 200 kV~ A=0.0025nm => R=0.02nm (teoreticky limit)
R=1 nm (TEM), méné cryo-HRT?:ZM



TEM

* fransmisni elektronovy
mikroskop

* do tloustky 100 nm

Primary Electrons

Q@ O O

/G)/

Specimen
Atom

Inelastically
Scattered

Electron Elastically
[Low Angle) Scattered
Eleciron
' (High Angle)
Unscattered
{Transmitted)

Electron
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SEM

» skenovaci elektronovy

mikroskop

 krystalografie

— odrazene e.

— sekundarni e.

— transmitovaneé e.
— Xray

Baclzcattered
Electron

®
Mucleus

“— Electrons

Electraon

Electraons -

54



Elektronova tomografie

Figure 3. Electron tomography acquires multiple 2D projections of the molecule as it is tilted
through a sequences of precise angular increments. The projections are then ‘back-projected’ to
calculate the 3D model. Sidec COMET analysis acts as a mathematical filter to improve the signal
to noise ratio and resolution of the model. Courtesy of Sali et al Nature 422:216-225; ©2003

Nature Publishing Group.

« programy:. Chimera, Modeller, IMP

55



Kryoelektronova tomografie
200kDa — 400 MDa

Asymmetric monomeric Protein/RNA or DNA

proteins complexes Icosahedral viruses
e.g.DNA-PKcs, 470 kDa  e.g.Ribosome, ~2 MDa 60-fold symmetry

e.g.Adenovirus, ~150 MDa

~tail

Detergent solubilized membrane proteins

e.g.Voltage-sensitive sodium channel e.g.Platelet integrin allb3 56
~300 kDa, Sato et al., Nature 2001 ~230 kDa, Adair & Yeager, PNAS 2002



A Freeze Collect data
— | —_— —_—
G
Sample Grid Electron microscope 2D projections
Pick particles
mjomla
— N AlO|AIO
olome
omjale
3D model 3D map Particle alignment

and averaging



Image Processing of an Asymmetric Particle

wre classify,

- =
\ mier, : A‘gﬁ'{ average 10-15
invert density \?' > el orticle i
hde ¥ | particle images
» ‘ >

R A

translationally align
and determine

clgss-sum . angular orientations
|mage reprolectlon

calculate 3D
reconstruction

<

\4 reproject
?

1- -" <

reclassify and
refine orientations

use reconstruction to
determine orientations
of unclassified particle

images
>

refine particle
orientations

best class-sum best particle image
based reconstruction based reconstruction




2017 NOBEL PRIZE IN CHEMISTRY

The Nobel Prize in Chemistry 2017 was awarded to Jacques Dubochet, Joachim Frank, and Richard
Henderson for the development of cryo-electron microscopy for determining biomolecule structures.

X-RAY CRYSTALLOGRAPHY NMR SPECTROSCOPY . .
Cryo-electron microscopy (cryo-EM)is a

. technique that makes it possible to produce
‘d\ 4 4 3D images of biomolecules at atomic
“ \ \ resolution. It can be used to capture images
of biomolecules which could not be visualised

Structures of protelns Structures of small Structures of large, non- with previously existing techniques.
that form crystals proteins In solutlon crystalline protelns

<— ELECTRON SOURCE &
mq— ELECTRON BEAM
<+—— SAMPLE Y
<— MAGNETIC LENS
<«—— 2D IMAGE ® LIQUID ETHANE (-196°C) —T

Henderson pioneered the use of Frank developed an image analysis Biological samples dry out and are
electron microscopy (EM) to visualise method that allowed computers to damaged when in vacuum during
proteins. Using it, he produced the assemble a high resolution 3D image EM. Dubochet solved this by rapidly
first atomic resolution image of a from many 2D EM images, improving freezing samples in water at -196°C to
protein, bacteriorhodopsin, in 1990. the quality of biomolecule images. form an icy glass instead of crystals.

WHY DOES THIS RESEARCH MATTER?
Cryo-EM allows scientists to reveal how proteins move and interact with
b other molecules, freezing and observing them mid-process. It could
improve our understanding of drug targets and biological processes.

Nobel Prize in Chemistry Press release: https://www.nobelprize.org/nobel_prizes/chemistry/laureates/2017/press.html/

COMPOUND © Compound Interest/Andy Brunning - compoundchem.com
® OOSO

i NT E R E ST Shared under a CC Attribution-NonCommercial-NoDerivatives licence




EMDB

Protein Data Bank

in Europe

EM resources

Bringing Structure to Biology

«, Shar

The Electron Microscopy Data Bank (EMDB) at PDBe

o Home

o Statistics

o Yalidation

o EMDataBank
o EMPIAR

o Test data

EMDB

o Latest maps

o Latest headers

o Latest updates

o Search

o  Browse

o FTP archive

o Deposit EM map/model
o EMDB data model

Quick access

i

Click on one of these categories:

Ribosome Virus Phage GroEL Microtubule Polymerase Helicase

P 4@ 2

] : ;
Human HIV Entries with Single particle Tomography Helical
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Introduction

The Electron Microscopy Data Bank (EMDB) is a public repository for electron microscopy density maps of macromo
and subcellular structures. It covers a variety of techniques, including single-particle analysis, electron tomogra
12D} crystallography.

The EMDBE was founded at EBI in 2002, under the leadership of Kim Henrick. Since 2007 it has been operated joi
and the Research Collaboratory for Structural Bicinformatics (RCSB PDE) as a part of EMDataBank which is fund
grant to PDBe, the RCSB and the National Center for Macromolecular Imaging (NCMIJ.
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Fluorescence



Fluorescence
» Jablonskiho diagram
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Fluorescence
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Z Jablonskiho diagramu vyplyva, ze

energie emitovaného zareni (fluorescence)
je typicky nizsi nez energie absorbovaného
zareni. (G.G.Stokes,1852,U.of Cambridge)

Fluorophore-Solvent Excited State Interactions
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Zvyseni polarity rozpoustédla vétsinou
zpusobuje ¢erveny posun fluorescetice.



Fluorescence (Forster) Resonance
Energy Transfer (FRET)
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Donor
Fluorescelin
IJAEDANS
EDANS
Fluorescein

Typical values R,

Acceptor
Tetramethylrhodamine
Fluorescein

Dabcyl

Fluorescein

BODIPY FL  BODIPY FL

Fluorescein

QSY 7,0SY 9 dyes
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Take home message

X-ray:
— crystal (contacts), inner electrons — electron map
— R do 2.5 Ais ok for drug design, worse resolution -> electron envelope
— Size iIs not restricted, phase problem, static

NMR

— solution, doped proteins, atom nuclei — distances and torsional angles
— correlation 2D, 3D-spectra, is ok for validation of homology models
— size restriction, dynamical information possible

EM

— single molecules, inner electrones — electron envelopes (maps)
— usually lacks atomic resolution (R > 5 A) — protein complexes

Fluorescence (FRET), MS

— distances only
— need model

control:

— Ramachandran plot, R;.. (Xray, NMR), crystal contacts, steric contacts
annotation



Nobelovskeé porovnani metod

X-Ray Others
1901: Wilhelm C. Réntgen (Physics) — X-ray 1943: (Physics) magnetic moment of the proton (NMR)
1914: Max von Laue (Physics) diffraction of X-rays by crystals 1944: (Physics) resonance method for recording the

magnetic properties of atomic nuclei (NMR)

1915: William H. Bragg and William L. Bragg (Physics) — Bragg'’s
equation

1952:
precision measurements (NMR)

(Physics) nuclear magnetic

1964: Dorothy C. Hodgkin (Chemistry) structures of penicillin and
vitamin B-12.

1982: Aaron Klug (Chemistry) crystallographic electron microscopy
(EM)

1985: Herbert A. Hauptman and Jerome Karle (Chemistry) phase
problem

1986: (Physics) TEM, STM

1954: Linus Pauling (Chemistry) — chemical bond, peptide bond, and
the structures of the alpha helix and beta strand

1991: Richard R. Ernst (Chemistry) high resolution nuclear magnetic
resonance (NMR) spectroscopy

1962 Francis H.C. Crick, James D. Watson, Maurice H.F. Wilkins
(Physiology or Medicine) — DNA

1994: Bertram N. Brockhouse and Clifford G. Shull (Physics) neutron
scattering

1962: Max F. Perutz and John C. Kendrew (Chemistry) globular
proteins — myoglobin, hemoglobin

2002: John B. Fenn, Koichi Tanaka (Chemistry) soft ionization mass
spectrometry (MS)

1988: Johann Deisenhofer, Robert Huber, and Hartmut
Michel (Chemistry) photosynthetic reaction centre (LPRC).

2002: Kurt Wathrich (Chemistry) nuclear magnetic resonance (NMR)

1996: Paul D. Boyer, John E. Walker, and Jens C. Skou (Chemistry)
F1-ATPase (1bmf, 1cow)

2003:
magnetic resonance imaging (MRI)

(Physiology or Medicine)

2003: Peter Agre and Roderick MacKinnon (Chemistry) membrane
channels (1bl8, 2f2b, 2evu)

2013: Martin Karplus, Michael Levitt
Multiscale modeling

Arieh Warshel (Chemistry)

2006: Roger Kornberg (Chemistry) molecular basis of eukaryotic
transcription (1i3qg, 1i50, 1i6h)

2017: Jack Dubochet, Joachim Frank, Richard Henderson
(Chemistry) cryo-electron microscopy for macromolecules (CryoEM)

2009 Venkatraman Ramakrishnan, Thomas A. Steitz, and Ada E.
Yonath (Chemistry) ribosome (1ffk, 1fjg, 1fka, 1gix, 1qiy)

2012 Robert J. Lefkowitz, Brian K. Kobilka (Chemistry) GPCR (3sn6,
3uon, 4daj, 4dkl)

(€]
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2020 Emmanuelle Charpentier a Jennifer Doudna (Chemistry)
CRISPR-Cas9 (4cmp, 4cmq)
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Structural Biology and Nobel Prizes

The Nobel Prize highlights achievements in physics, chemistry, physiology or
medicine, literature and for peace. Since its inception, many awards have
recognized achievements made in molecular biology, structural biology, and
related research. Molecule of the Month articles offer a starting point to explore
these Prizes.

Myoglobin was the first protein visualized in 3D by X-ray
crystallography;, laying the foundafion for & new era of
biological understanding. For this discovery, dohn
Kendrew and Msx Perutz shared the 1952 Naobel Prize

in Chemistry.
Year Category Prize Related Molecules of the
Month articles
2023 Physiology or Katalin Kariké and Drew \Weissman SARS-CoV-2 mRNA Vaccine
Medicine “for their discoveries conceming nucleoside base modifications that enabled the
development of effective mRMNA vaccines against COVID-19"
2022 Chemistry Carolyn Bertozzi, Morten Meldal, K. Barry Sharpless Click Chemistry
“for the development of click chemistry and bioorthogonal chemistry”
2021 Physiology or David Julius and Ardem Patapoutian Piezo1 Mechanosensitive
Medicine “for their discoveries of receptors for temperature and touch” Channel
Capsaicin Receptor TRPV1
2020 Chemistry Emmanuelle Charpentier and Jennifer A. Doudna Cascade and CRISPR
“for the development of a method for genome editing”
2020 Physiclogy or Harvey J. Alter, Michael Houghton and Charles M. Rice Hepatitis C Virus
Medicine “for the discovery of hepatitis C virus” Protease/Helicase
2019  Physiology or William G. Kaelin Jr., Sir Peter J. Ratcliffe, Gregg L. Semenza Hypoxia-Inducible Factors
Medicine “for their discoveries of how cells sense and adapt to oxygen availability”
2018 Chemistry Frances H. Amold Directed Evolution of
"for the directed evolution of enzymes” Enzymes

George P. Smith and Sir Gregory P. Winter
“for the phage display of peptides and antibodies”

https://pdblOl.rcsb.orq/learn/other-resources/structural-bioquv-and-nobel-priz%gs



https://pdb101.rcsb.org/learn/other-resources/structural-biology-and-nobel-prizes

Nobel Prize in Chemistry 2012

 Brian K. Kobilka
 Robert J. Lefkowitz

Figure 3. Illustration of Kobilka's crystal

structure of an activated B-adrenergic receptor
[blue). A hormone [orange) attaches to the out-
side and a G-protein [red) couples on the inside.

The image, published in Nature, reveals new details about GPCRs, for instance, what the activated

receptor looks like when it opens up a void where the G-protein likes to bind (figure 4). Such knowledge
will be very useful in the future for the development of new pharmaceutical drugs.
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"for studies of G-protein-coupled receptors”
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Validation methods — servers

Program Reference Protein/NA URL
ANOLEA i/lgeglg and Feytmans, Protein | www.fundp.ac.be/sciences/biologie/bms
PROCHECK, EU 3-D Validation : :
PROVE, Network 1998 Protein ebi.ac.uk
WHAT IF ’
DACA Vriend and Sander, Protein cmbil.cmbi.kun.nl:1100/WIWWWIl/oldqua.
1993 html
ERRAT fggl)c;vos and Yeates, Protein | www.doe-mbi.ucla.edu/Services/[ERRAT

Gendron, Lemieux,
and Major, 2001

MOLEMAN2|  Kleywegt, 1997

MC-Annotate RNA www-lbit.iro.umontreal.ca/mcannotate

Protein

(Caplha) xray.bmc.uu.se/cgi-bin/gerard/

Bowie, Luthy and
Eisenberg, 1991

Verify3D Protein |www.doe-mbi.ucla.edu/Services/Verify 3D
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http://www.doe-mbi.ucla.edu/Services/ERRAT
http://www.doe-mbi.ucla.edu/Services/Verify%203D

Validation methods — programs

Program Reference URL
ADIT PDB pdb.rutgers.edu/software
ERRAT Colovos and www.doe-
Yeates, 1993| mbi.ucla.edu/People/Yeates/Gallery/Errat.html
PROCHECK Laskowski et al. \www.biochem.ucl.ac.uk/~roman/procheck/proche
1993 ck.html
Pontius,
PROVE Richelle, and www.ucmb.ulb.ac.be/SCMBB/PROVE
Wodak, 1996
SQUID Oldfield, 1992 | www.yorvic.york.ac.uk/~oldfield/squidmain.html
WHATCHECK Hocl)fgtgeé al. www.cmbi.kun.nl/gv/iwhatcheck
WHAT IF Vriend, 1990 www.cmbi.kun.nl/whatif
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